Background: Ischemia-modified albumin (IMA) is a new marker of myocardial ischemia, there is concern that IMA concentrations may be affected by ischemia occurring in tissues other than the myocardium. Methods: We assessed 23 consecutive patients (15 males; mean age, 67 years) with typical leg claudication and documented peripheral vascular disease (PVD). All patients underwent both treadmill-exercise stress testing to induce leg ischemia and dobutamine stress echocardiography 1 week apart for the assessment of myocardial ischemia. Blood samples for IMA measurements were obtained at baseline, immediately after peak exercise/stress, and 1 h after exercise/stress. Statistical analysis was performed with the ANOVA repeated-measures test. Results: Compared with baseline, mean (SD) IMA was significantly lower after the induction of skeletal muscle ischemia and returned to baseline values at 1 h: baseline, 74.6 (15.6) kilounits/L; peak stress, 69.5 (14.0) kilounits/L (P <0.0001 vs baseline); 1 h post stress, 75.9 (15.7) kilounits/L (P <0.0001 vs peak stress; P ‫؍‬ 0.3 vs baseline). Baseline, peak stress, and 1-h poststress IMA concentrations were inversely correlated with the anklebrachial index after exercise (r ‫؍‬ ؊0.4; P <0.05). None of the patients showed regional wall motion abnormalities during dobutamine stress echocardiography, and IMA concentrations remained unchanged from baseline. There were no differences in baseline [74.6 (15.6) vs 72.7 (11.5)kilounits/L; P ‫؍‬ 0.6), peak stress, or poststress IMA
concentrations when exercise testing and dobutamine stress echocardiography values were compared.
Conclusions:
The relationship between disease severity (of a noncardiac origin) and baseline IMA values is an important and novel finding. IMA is significantly lower immediately after exercise-induced leg ischemia in patients with PVD and is related to disease severity. IMA concentrations can therefore be affected by the development of skeletal muscle ischemia, and this may have implications regarding the ability of IMA to detect myocardial ischemia in PVD patients.
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Concentrations of ischemia-modified albumin (IMA), 3 a new marker of myocardial ischemia, are increased after percutaneous coronary intervention (1) (2) (3) . Moreover, in the percutaneous coronary intervention model, IMA production is higher in patients without collateral vessels than in those with collateral circulation; thus, IMA possibly reflects a protective effect of collateral vessels against percutaneous coronary intervention-induced myocardial ischemia (4 ) . IMA also appears to be useful for ruling out acute coronary syndrome in patients attending the emergency department with chest pain suggestive of myocardial ischemia (5 ) . However, concern exists that IMA concentrations may be affected by ischemia occurring in tissues other than the myocardium, e.g., leg claudication attributable to peripheral vascular disease (PVD). We therefore sought to assess whether changes in IMA concentrations occur after the induction of skeletal muscle ischemia in patients with PVD and intermittent claudication.
Materials and Methods
We assessed 23 consecutive patients (14 males; mean age, 65.7 years) with typical leg claudication and documented PVD. All patients satisfied the following inclusion criteria: (a) Fontaine stage II intermittent claudication (leg pain induced by exercise and relieved by resting for 10 min or less); (b) absence of leg pain at rest in the last 12 months; (c) ultrasound or angiographic evidence of obstructive PVD [i.e., arterial stenosis Ͼ50% in the lower limbs and resting systolic ankle-brachial index (ABI) Ͻ0.9]. We excluded patients with any form of angina or congestive heart failure. Similarly, patients were not included if they had had a myocardial infarction, unstable angina, or myocardial revascularization in the 6 months preceding the study. None of the patients had a history of ischemic or hemorrhagic stroke, transient ischemic attacks, kidney failure, shock, or coronary artery spasm. We also excluded patients with chronic obstructive airway disease and arthritis because these could have reduced their ability to exercise. All patients underwent both treadmillexercise stress testing and dobutamine stress echocardiography. These tests were carried out 1 week apart and in random order to minimize the effects of training and ischemic preconditioning. The study was approved by the local research ethics committee, and all patients gave written informed consent for participation in the study.
skeletal muscle ischemia
All patients underwent symptom-limited treadmill-exercise electrocardiographic (ECG) stress testing with a standardized protocol (6 ) . The treadmill speed (3.0 km/h) was kept constant with 2% increases in grade every 2 min. Patients were instructed to immediately report the onset of claudication pain (initial claudication time). All patients were exercised to their maximum claudication pain, and the test was stopped when they experienced peak claudication pain (absolute claudication time). Blood pressure was measured at regular intervals, and the 12-lead ECG was monitored continuously. None of the patients developed arrhythmias or ST-segment ischemic changes during testing. Serum samples for IMA were obtained at baseline, immediately after peak claudication pain, and 1 h after exercise. The ABI, a noninvasive method to assess the patency of the lower extremity arterial system and to detect occlusive arterial disease (7 ), was measured in every patient. The index was calculated as the ratio between ankle and brachial systolic pressures (both measured with a blood pressure cuff in the arms and the dorsalis pedis artery) before and immediately after exercise. Continuous wave Doppler ultrasound was used to detect flow in the arteries.
assessment of myocardial ischemia
All patients underwent dobutamine stress echocardiography testing. Images were obtained with standard views and acquired at baseline, with each increment of dobutamine infusion, and during the recovery phase. Dobutamine was administered intravenously at incremental doses (5, 10, 15, 20, 30 , and 40 g ⅐ (kg of bodyweight) Ϫ1 ⅐ min Ϫ1 ) at 3-min intervals, and atropine was used (bolus dose, 0.6 -1.2 mg) if 85% of the maximum age-predicted heart rate was not achieved at the maximum infusion rate. The 12-lead ECG and blood pressure were monitored. For left ventricular wall motion analysis, the standard 16-segment model of the left ventricle of the American Society of Echocardiography was used (8 ) . A positive result was defined as the development of a new wall motion abnormality or worsening regional wall motion abnormality not present at baseline. Serum samples for IMA were obtained at baseline before dobutamine stress, immediately after peak stress, and 1 h after stress.
ima measurements
Serum IMA was measured by the albumin cobalt binding test on a Roche Cobas MIRA PLUS instrument (ABX Ltd.). This method has been validated and described in previous studies (9, 10 ) . According to the manufacturer, expected (normal) values determined in a population of 283 healthy individuals range from 52 to 116 kilounits/L with a 95th percentile at 85 kilounits/L. Samples were frozen at Ϫ70°C within 2 h and stored until measurement. The total interassay CV was 4.9 -7.5% at 72.54 -140.16 kilounits/L for quality-control material.
statistical analysis
Results for gaussian-distributed continuous variables are expressed as the mean value (SD), and categorical data are shown as the value (percentage). The Kolmogorov-Smirnov tests for normality indicated that IMA values followed a gaussian distribution. Correlation between continuous variables was assessed with the Spearman test. We used the repeated-measures ANOVA to assess IMA values at every different time point (within-subject effects) and to test differences in time patterns of IMA after both stress tests (between-test effects). The change in ABI was tested with the Wilcoxon rank test. Differences were considered to be statistically significant if the null hypothesis could be rejected with Ͼ95% confidence. The SPSS 11.0 statistical software package (SPSS Inc) was used for all calculations.
Results
The clinical characteristics of all patients included in the study are listed in Table 1 . The mean initial claudication time was 316.5 (117.3) s, and the absolute claudication time was 467.4 (108.9) s. The baseline preexercise ABI was 0.64 (0.1) and decreased to 0.47 (0.1) immediately after the test (P Ͻ0.0001). There was a significant correlation between the baseline ABI and the final claudication time (r ϭ 0.47; P ϭ 0.02).
IMA concentrations were above the cutoff point recommended by the manufacturer for the diagnosis of ischemia (85 kilounits/L) in 26% (6 of 23) and 48% (11 of 23) of our PVD patients before and 1 h after exercise, respectively (Fig. 1) . Compared with baseline, IMA concentrations decreased significantly at peak exercise stress [leg ischemia; 74.6 (15.6) vs 69.5 (14) kilounits/L; P Ͻ0.0001] and had returned to baseline concentrations at 1 h poststress measurement [75.9 (15.7) kilounits/L; after adjustment for confounding variables such as gender and smoking, P Ͻ0.0001 vs peak stress; P ϭ 0.3 vs baseline; Table 1 ]. There was no correlation between peak stress IMA values and claudication time (r ϭ Ϫ0.06; P ϭ 0.9) or between peak stress IMA and baseline ABI values (r ϭ Ϫ0.4; P ϭ 0.09), we did find a significant inverse correlation between baseline (r ϭ Ϫ0.43; P ϭ 0.039), peak (r ϭ Ϫ0.42; P ϭ 0.048), and 1-h poststress (r ϭ Ϫ0.44; P ϭ 0.038) IMA concentrations and postexercise ABI values (Fig. 1) .
None of the patients had chest pain or ischemic ECG changes, or showed regional wall motion abnormalities during dobutamine stress echocardiography. IMA concentrations remained unchanged from baseline [72.7 (11.5) kilounits/L] to both peak stress [73.4 (11.5) kilounits/L] and 1 h post stress [74.3 (11.4) kilounits/L; not statistically significant; Table 1 ].
When exercise ECG testing and dobutamine stress echocardiography were compared, there were no differences in baseline [74.6 (15.6) v 72.7 (11.5)kilounits/L; P ϭ 0.6] or poststress IMA concentrations.
In the study patients, albumin concentrations were within the reference interval: mean albumin, 39 (2. 
Discussion
The results of the present study indicate that IMA concentrations are lower immediately after exercise-induced skeletal leg muscle ischemia and may be also affected (increased concentrations) by the presence of severe PVD.
Our study showed for the first time that in patients with documented PVD and intermittent claudication, The transient decrease observed in IMA concentrations immediately after exercise is intriguing and consistent with observations from two previous studies that assessed the effect of skeletal muscle ischemia on circulating IMA concentrations in apparently healthy individuals (12, 13 ) . In a study of marathon runners, a decrease in IMA concentrations was observed immediately after exercise, and this was followed by a delayed increase after 24 -48 h. It was speculated that this delayed increase was attributable to skeletal muscle ischemia or the occurrence of gastrointestinal ischemia (12 ) . Similarly, in a study of 10 healthy volunteers, an immediate and transient drop in IMA concentrations was observed after the induction of forearm ischemia (13 ) . The authors hypothesized that this immediate decrease could have been attributable to interference in the IMA measurement by lactate produced during skeletal muscle exercise. Unfortunately, lactate concentrations could not be measured in our patients because of logistic problems, and this represents a limitation of the study. However, release of lactate after a standardized treadmill exercise stress test in patients with stage II PVD has been reported previously by Duprez et al. (14 ) , who described a twofold increase in lactate concentrations immediately after exercise testing and a return to baseline concentrations after 30 min. Furthermore, compared with healthy controls, lactate concentrations in patients with stage II PVD have been shown to be significantly increased after exercise, and this increment appears to be independent of the work load achieved (15 ) . It is likely that lactate concentrations were also increased in our patients after exercise testing, and it can be therefore speculated, as proposed previously by Zapico-Muñ iz et al. (13 ) , that the decrease in IMA concentrations observed immediately after exercise in our study could have been attributable to lactate interference with IMA measurements. Whether this transient decrease in IMA concentrations after exercise-induced skeletal muscle ischemia may lead to false-negative results in angina patients who also have PVD requires investigation. Moreover, the exact timing and duration of the IMA changes after exercise-induced skeletal muscle ischemia need to be characterized in different patient populations. None of our patients developed regional wall motion abnormalities during dobutamine stress echocardiography testing, which is a sensitive and specific method for the detection of myocardial ischemia (16, 17 ) . Accordingly, IMA concentrations remained unchanged compared with baseline.
Our study showed a statistically significant inverse correlation between postexercise ABI values and baseline, peak, and 1-h postexercise IMA concentrations (i.e., higher IMA concentrations in patients with lower ABIs). This finding suggests that IMA concentrations are related to the severity of induced skeletal muscle ischemia and that conceivably, this relationship could be potentiated in patients with more advanced PVD. To the best of our knowledge, ours is the first report of a link between the severity of PVD and IMA concentrations. It has been proposed that albumin modification by reactive oxygen species produced during ischemia leads to IMA formation. Thus it is possible that in PVD patients with more severe leg ischemia than that observed in our patients, greater free radical production could occur, leading to higher IMA concentrations.
From a clinical perspective, the association found in the present study between PVD and IMA concentrations also has potential implications for the diagnosis of myocardial ischemia in patients with PVD. There is some concern regarding the specificity of a circulating protein such as albumin for the diagnosis of cardiac ischemia because noncardiac ischemia and/or oxidative stress could conceivably increase IMA concentrations and therefore limit the usefulness of this marker for the diagnosis of myocardial ischemia. These two conditions often coexist, and changes in IMA concentration caused by skeletal muscle ischemia may affect the specificity of the biomarker. This is particularly important when IMA measurements are used for assessing acute chest pain suggestive of acute coronary syndrome. In the present study, a proportion of PVD patients had increased IMA concentrations at baseline (26%) and 1 h (48%) after exercise testing despite the absence of cardiac ischemia (negative results of dobutamine stress echocardiography testing).
Low albumin concentrations had been linked to vascular disease, atherosclerosis (18, 19 ) , and cardiovascular mortality (20 ) . Plasma volume expansion after intense exercise is also associated with an increase in plasma albumin content and selective expansion of the intravascular compartment (21 ) . In our study, albumin concentrations were within the reference interval and did not significantly change after exercise. Our patients were a highly selected group with only stage II PVD; therefore, extrapolation of our results regarding albumin concentrations to other patients with more severe PVD may not be straightforward.
In summary, our results suggest that complex mechanisms determine circulating IMA concentrations in patients with PVD and that these are likely to be modulated by numerous, as yet unknown variables. Studies are required to identify these mechanisms and to determine the optimum IMA cutoff values in various disease states, including PVD with or without accompanying cardiac ischemia. Furthermore, it will be necessary to establish the diagnostic and prognostic implications of a positive IMA test in these patient groups.
